**Significant findings of the study:** Lower levels of total adiponectin (T-APN), which are inversely correlated with an increase in glucose intolerance, may allow for early detection of women at risk of gestational diabetes. Inflammatory markers may not be useful in the assessment of the risk of gestational diabetes in Chinese women.

**What this study adds:** Lower levels of T-APN, but not markers of inflammation, may be important in the pathogenesis of gestational diabetes in the Chinese population.

Introduction
============

Gestational diabetes mellitus (GDM) is defined as glucose intolerance first recognized during pregnancy,[@b1] and is associated with both short- and long-term risks, including macrosomia, birth trauma, metabolic complications in the newborn, and subsequent development of diabetes mellitus (T2DM) in the mother.

The prevalence of GDM is significantly higher in Chinese (6.4%) compared with Caucasian (3.8%) women.[@b2] The cause for this difference is unclear. In the present study, we explored adipocytokine and inflammatory markers in pregnant Chinese--American women.

Adiponectin is an adipokine that circulates in the plasma in several forms, including high molecular weight (HMW), medium molecular weight (MMW), and low molecular weight (LMW) forms. The HMW form of adiponectin (HMW-APN) is the active form and is believed to be important in the pathogenesis of GDM in Caucasians.[@b3] Adiponectin has insulin-sensitizing and anti-inflammatory properties. Reduced HMW-APN concentrations have been reported in Caucasian women with GDM.[@b3],[@b4] Retnakaran et al. reported lower HMW-APN levels in pregnant South Asian compared with Caucasian women after adjusting for age, prepregnancy body mass index (BMI), and weight gain during pregnancy.[@b5] Another study suggested that plasma adiponectin levels (the specific assay was not described) were reduced in Asian women with GDM.[@b6] However, an association between decreased plasma total adiponectin (T-APN) levels and GDM has not been clearly established. To our knowledge, there have been no published studies that examined T-APN in Chinese women with GDM.

C-Reactive protein (CRP) is an inflammatory marker that is synthesized by the liver. Concentrations of CRP increase in response to inflammation, activating the complement system.[@b7],[@b8] Interleukin (IL)-6 is an inflammatory cytokine secreted by T cells and macrophages to stimulate the immune response,[@b9] and IL-6 levels are elevated in subjects with insulin resistance and GDM.[@b10] Tumor necrosis factor (TNF)-α is another inflammatory protein produced by macrophages,[@b11] and TNF-α levels have been reported to be elevated in subjects with GDM.[@b12] Monocyte chemoattractant protein (MCP)-1 is a chemokine produced by monocytes and macrophages,[@b13] and it has been reported that MCP-1 levels are elevated in GDM.[@b14] Thus, increased levels of the inflammatory markers CRP, TNF-α, IL-6, and MCP-1 have been associated with GDM in Caucasian women. No similar studies have been performed in Chinese women.

In the present study, we attempted to identify specific biochemical markers associated with GDM in Chinese--American women at 24--28 weeks of pregnancy by exploring the relationships between markers of glucose tolerance (glucose, insulin, HbA1c, and BMI) and T-APN or HMW-APN, CRP, TNF-α, IL-6, and MCP-1.

Methods
=======

The study was approved by Beth Israel Medical Center\'s Institutional Review Board. Chinese--American women were recruited from obstetrics and gynecology offices located in New York City\'s Chinatown. The study population was recruited from May 2010 to August 2012. Consent was obtained from all subjects. Consent forms translated into Chinese were given to subjects.

To be eligible for inclusion in the study, the women had to be first-generation immigrants of Chinese ethnicity, between 18 and 40 years of age, and at 24--28 weeks gestation.

Height (in meters) and weight (in kilograms) were obtained at 24--28 weeks gestation when patients came for the two-step screening for GDM. These measurements were obtained by the subjects\' examining obstetricians (SW or DT). Electronic records or clinical charts were reviewed by TA, VS, DH, and DS-Y. Body weight divided by height squared was used to calculate BMI. Prepregnancy BMI was not available because the patients came to the clinic for the first time after at least 8--10 weeks of pregnancy.

Women with an established diagnosis of T2DM or GDM, hepatitis B, other infectious diseases (Herpes virus, *Streptococcus B* carriers, *Chlamydia*, and *Candida*), thyroid dysfunction, and a thalassemia carrier state, as well as those with a history of miscarriages or infertility with the use of *in vitro* fertilization, were excluded from the study.

Blood samples were obtained from subjects 1 h after a 50-g oral glucose load (1-h glucose challenge test; 1HGCT). Serum samples were sent to Quest Diagnostic (New York, NY, USA) for glucose and HbA1c analysis. A separate blood sample was collected and centrifuged at 960 *g* for 10 min at 4°C. The serum collected was stored at --80°C until analysis (ELISA).

Concentrations of HMW-APN were measured using an American Laboratory Products Company (ALPCO; Salem, NH, USA) ELISA kit. Serum samples were pretreated with protease II, which digests LMW- and MMW-APN. The remaining HMW fractions were treated with a buffer that reduced the HMW multimers into dimers. Therefore, this assay measures the concentration of reduced HMW-APN. The intra- and interassay coefficients of variation (CV) for the HMW-APN assay were 3.3%--5% and 5.7%, respectively.

Concentrations of T-APN were also measured with an ALPCO ELISA kit. Samples were pretreated with citrate buffer and sodium dodecyl sulfate (SDS), which convert multimeric forms, including HMW-, MMW-, and LMW-APN, into dimers. The total adiponectin value obtained by this assay includes all dimeric forms of adiponectin in the sample (in this assay procedure, the monomer is not detected). The intra- and interassay CV for the T-APN assay were 5.3%--5.4% and 5%, respectively.

Other biochemical markers (insulin, CRP, IL-6, TNF-α, MCP-1) were also measured using ELISA kits obtained from ALPCO. The intra- and interassay CV for these assays were as follows: for insulin, 3.2%--10.3% and 6.7%--16.6%, respectively; for CRP, 5.5%--6% and 11.6%--13.8%, respectively; for IL-6, 5.1%--7.7% and 6.5%--9.3%, respectively; for TNF-α, 3.9%--5.2% and 5.9%--8.5%, respectively; and for MCP-1, 4%--7.8% and 6.7%--9.7%, respectively.

Identifying GDM
---------------

Patients were instructed to fast for at least 8 h before testing. A two-step test at 24--28 weeks gestation was used to diagnose GDM. Blood samples were obtained 1 h after a 50-g glucose challenge test (1HGCT). A serum glucose concentration of 135 mg/dL was used as a threshold for the 3-h oral glucose tolerance test (3HOGTT).[@b15] Subjects who failed the 1HGCT (glucose ≥135 mg/dL) underwent a 3HOGTT, with glucose levels measured 0, 1, 2, and 3 h after a 100-g glucose load. Finger-stick glucose (FSG) concentrations in capillary blood were measured using a HemoCue (Kuvettgatan, Sweden) HB201-plus glucometer (FSG was used because study subjects refused to have blood drawn four times due to cultural beliefs about phlebotomy being harmful during pregnancy). Two or more glucose values at or above the threshold (i.e. \>95 mg/dL at 0 h, \>180 mg/dL at 1 h, \>155 mg/dL at 2 h, and \>140 mg/dL at 3 h) established the diagnosis of GDM.

Non-GDM subjects
----------------

Women without GDM were divided into the following three categories.1HGCT \<135 mg/dL glucose. This group consisted of non-GDM subjects who passed the initial glucose challenge test with the 1HGCT glucose value \<135 mg/dL.1HGCT ≥135 mg/dL glucose and no abnormal glucose value on the 3HOGTT. This group consisted of non-GDM subjects with no abnormal glucose values on the 3HOGTT, but 1HGCT glucose ≥135 mg/dL.1HGCT ≥135 mg/dL and one abnormal glucose value on the 3HOGTT. This group consisted of non-GDM subjects who failed the 1HGCT and had one abnormal glucose value of the four reading on the 3HOGTT.

Statistical analysis
--------------------

Student\'s *t*-test was used to compare mean serum concentrations of various biochemical markers between GDM and non-GDM subjects. Data were further analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) to calculate Pearson\'s correlation coefficients for glucose on 1HGCT, HbA1c, insulin, and BMI against T-APN, HMW-APN, CRP, TNF-α, IL-6, and MCP-1. Significant *P*-values (*P* ≤ 0.08), determined by Bonferroni corrections, were used for the multiple comparison of dependent and independent variables. In the present study, *P* ≤ 0.008 was considered significant at the 95% confidence level/α, where α is the number of variables tested (the two adipokines and four inflammatory variables): 0.05/6 = 0.008.

Data for non-GDM and GDM patients were matched for age, BMI, or age plus BMI. Data on subjects whose age and BMI did not match for these parameters were excluded in this subanalysis. Significant values were calculated as described above.

Data for non-GDM and GDM subjects were also adjusted for age and BMI. A set of regression models (Delta method) testing the difference between the two defined groups (GDM vs non-GDM) on each of the dependent variables controlling for BMI and age was included in the regression model. Subsequently, a contrast on the predicted marginal means was performed. Only T-APN showed a reliable group difference when controlling for BMI and age. None of the other adiponectin values or inflammatory parameters showed any such differences.

Unless indicated otherwise, data are presented as the mean ± SEM.

Results
=======

Comparisons between non-GDM and GDM subjects
--------------------------------------------

In all, 259 pregnant Chinese--American women were enrolled in the study. Their age, BMI, and blood pressure were similar (Table [1](#tbl1){ref-type="table"}). Compared with non-GDM subjects (*n* = 227), women with GDM (*n* = 32) had higher levels of glucose on the 1HGCT (113.1 ± 1.5 vs 160 ± 3 mg/dL, respectively; *P* \< 0.001) and insulin (54.6 ± 2.9 vs 120.7 ± 15.5 mU/dL, respectively; *P* \< 0.001), and lower levels of T-APN (8.3 ± 0.4 vs 5.5 ± 0.7 μg/mL, respectively; *P* \< 0.001; Table [1](#tbl1){ref-type="table"}). Blood pressure measurements in non-GDM and GDM women were similar. The average blood pressure (systolic/diastolic) of non-GDM women was 108/66 mmHg, compared with 111/67 mmHg in women with GDM (Table [1](#tbl1){ref-type="table"}).

###### 

Comparison of pregnant Chinese--American women with or without gestational diabetes

  Parameters        Non-GDM (*n* = 227)   GDM (*n* = 32)
  ----------------- --------------------- -------------------------------------------------
  Age (years)       30.4 ± 0.3            32.1 ± 0.8
  BMI (kg/m^2^)     24.1 ± 0.9            24.9 ± 0.6
  SBP/DBP (mmHg)    108/62 ± 1/1          110/66 ± 2/2
  HbA1c (%)         5.20 ± 0.02           5.35 ± 0.06
  1HGCT (mg/dL)     113.1 ± 1.5           160 ± 3[\*\*](#tf1-1){ref-type="table-fn"}
  Insulin (mU/mL)   54.6 ± 2.9            120.7 ± 15.5[\*\*](#tf1-1){ref-type="table-fn"}
  T-APN (μg/mL)     8.3 ± 0.4             5.5 ± 0.7[\*\*](#tf1-1){ref-type="table-fn"}
  HMW-APN (μg/mL)   2.9 ± 0.1             2.4 ± 0.2
  CRP (μg/mL)       4.1 ± 0.4             3.7 ± 0.6
  TNF-α (pg/mL)     10.9 ± 0.3            10.6 ± 0.7
  IL-6 (pg/mL)      2.6 ± 0.2             2.9 ± 0.9
  MCP-1 (pg/mL)     62.5 ± 1.9            73.7 ± 10.7

Data are the mean ± SEM. \*\**P* \< 0.001 compared with women without gestational diabetes.

GDM, gestational diabetes; BMI, body mass index; SBP/DBP, systolic/diastolic blood pressure; 1HGCT, glucose levels 1 h after a 50-g glucose challenge test; T-APN, total adiponectin; HMW-APN, high molecular weight adiponectin; CRP, C-reactive protein; TNF-*α*, tumor necrosis factor-α; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1.

Non-GDM women with normal glucose values and with one abnormal glucose value on the 3HOGTT
------------------------------------------------------------------------------------------

One non-GDM subgroup (*n* = 191) of women had glucose values on the 1HGCT ≥135 mg/dL, but had normal 3HOGTT glucose values at all time points. These women had lower T-APN levels than non-GDM women with 1HGCT glucose values \<135 mg/dL (6.1 ± 0.5 vs 8.68 ± 0.46 μg/mL, respectively; *P* \< 0.001; Table [2](#tbl2){ref-type="table"}). Similarly, non-GDM women with one abnormal 3HOGTT glucose value had lower T-APN than non-GDM women with 1HGCT glucose values \<135 mg/dL (5.5 ± 0.4 vs 8.68 ± 0.46 μg/mL; *P* \< 0.001; Table [2](#tbl2){ref-type="table"}).

###### 

Comparison of subgroups of women without gestational diabetes

                    Non-gestational diabetes                                                    
  ----------------- -------------------------- ------------------------------------------------ ------------------------------------------------
  Age (years)       30.0 ± 0.4                 31.0 ± 0.9                                       33.0 ± 0.4
  BMI (kg/m^2^)     24.1 ± 0.2                 24.4 ± 0.8                                       24.0 ± 0.2
  HbA1c (%)         5.20 ± 0.03                5.25 ± 0.04                                      5.10 ± 0.02
  1HGCT (mg/dL)     105.9 ± 1.2                149.7 ± 2.3[\*\*](#tf2-1){ref-type="table-fn"}   150.3 ± 4.1[\*\*](#tf2-1){ref-type="table-fn"}
  Insulin (μU/mL)   50.4 ± 2.9                 73.7 ± 9.8                                       81.7 ± 15.7
  T-APN (μg/mL)     8.68 ± 0.46                6.1 ± 0.5[\*\*](#tf2-1){ref-type="table-fn"}     5.45 ± 0.40[\*\*](#tf2-1){ref-type="table-fn"}
  HMW-APN (μg/mL)   3.0 ± 0.1                  2.8 ± 0.3                                        2.3 ± 0.3
  CRP (μg/mL)       3.8 ± 0.3                  6.0 ± 2.6                                        4.7 ± 0.9
  TNF-α (pg/mL)     10.9 ± 0.3                 11 ± 1                                           11 ± 1
  IL-6 (pg/mL)      2.6 ± 0.2                  2.4 ± 0.3                                        3.0 ± 0.6
  MCP-1 (pg/mL)     62 ± 2                     54.2 ± 3.7                                       76.2 ± 9.2

Data are the mean ± SEM. \*\**P* ≤ 0.001 compared with Group 1 women.

Group 1, women with glucose levels of \<135 mg/dL 1 h after a 50-g glucose challenge test (1HGCT); Group 2, women with 1HGCT glucose ≥135 mg/dL and no abnormal readings on the 3-h oral glucose tolerance test (3HOGTT); Group 3, women with 1HGCT glucose ≥135 mg/dL and one abnormal reading on the 3HOGTT.

BMI, body mass index; T-APN, total adiponectin; HMW-APN, high molecular weight adiponectin; CRP, C-reactive protein; TNF-*α*, tumor necrosis factor-α; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1.

Matching for age, BMI, and age plus BMI
---------------------------------------

After matching for age, BMI, and age plus BMI, women with GDM had higher levels of glucose on the 1HGCT, higher levels of insulin and lower levels of T-APN (Tables [3](#tbl3){ref-type="table"}).

###### 

Comparison of women with and without gestational diabetes after matching for age, body mass index (BMI), and age plus BMI, and adjustment for age and BMI

                      Matched for age   Matched for BMI                                   Matched for age plus BMI                                                                       
  ------------------- ----------------- ------------------------------------------------- -------------------------- --------------------------------------------------- --------------- ---------------------------------------------------
  Age (years)         31.19 ± 0.30      32.1 ± 0.8                                        30.25 ± 0.34               32.32 ± 0.81                                        31.09 ± 0.33    32.32 ± 0.81
  BMI (kg/m^2^)       24.13 ± 0.20      24.9 ± 0.6                                        23.79 ± 0.18               24.52 ± 0.52                                        23.87 ± 0.18    24.52 ± 0.52
  HbA1c (%)           5.21 ± 0.02       5.35 ± 0.06                                       5.20 ± 0.03                5.35 ± 0.06                                         5.20 ± 0.03     5.35 ± 0.06
  1HGCT (mg/dL)       113.49 ± 1.66     160 ± 3[\*\*](#tf3-1){ref-type="table-fn"}        113.38 ± 1.67              158.73 ± 3.25[\*\*](#tf3-1){ref-type="table-fn"}    114.63 ± 1.80   158.73 ± 3.25[\*\*](#tf3-1){ref-type="table-fn"}
  Insulin (mU/mL)     53.12 ± 3.12      120.7 ± 15.5[\*\*](#tf3-1){ref-type="table-fn"}   54.14 ± 3.21               122.64 ± 15.87[\*\*](#tf3-1){ref-type="table-fn"}   51.43 ± 3.22    122.64 ± 15.87[\*\*](#tf3-1){ref-type="table-fn"}
  T-APN (μg/mL)       8.22 ± 0.42       5.5 ± 0.7[\*\*](#tf3-1){ref-type="table-fn"}      8.42 ± 0.44                5.5 ± 0.5[\*\*](#tf3-1){ref-type="table-fn"}        8.42 ± 0.46     5.5 ± 0.5[\*\*](#tf3-1){ref-type="table-fn"}
  HMW-APN (*μ*g/mL)   2.90 ± 0.10       2.4 ± 0.2                                         2.95 ± 0.11                2.46 ± 0.21                                         2.93 ± 0.11     2.46 ± 0.21
  CRP (*μ*g/mL)       4.07 ± 0.39       3.7 ± 0.6                                         4.13 ± 0.42                3.68 ± 0.57                                         4.10 ± 0.44     3.68 ± 0.57
  TNF-α (pg/mL)       10.83 ± 0.25      10.6 ± 0.7                                        11.08 ± 0.31               10.43 ± 0.65                                        11.00 ± 0.28    10.43 ± 0.65
  IL-6 (pg/mL)        2.48 ± 0.11       2.9 ± 0.6                                         2.7 ± 0.2                  2.85 ± 0.59                                         2.50 ± 0.12     2.85 ± 0.59
  MCP-1 (pg/mL)       61.64 ± 1.98      73.7 ± 10.7                                       62.7 ± 2.1                 73.8 ± 11.9                                         62.79 ± 2.23    73.8 ± 11.9

Data are the mean ± SEM. \*\**P* \< 0.001 compared with women without gestational diabetes.

GDM, gestational diabetes; 1HGCT, glucose levels 1 h after a 50-g glucose challenge test; T-APN, total adiponectin; HMW-APN, high molecular weight adiponectin; CRP, C-reactive protein; TNF-*α*, tumor necrosis factor-α; IL-6, interleukin-6; MCP-1, monocyte chemoattractant protein-1.

Adjustment for age and BMI
--------------------------

As stated in the Methods section, only T-APN showed a reliable group difference (*P* = 0.047; multiregression models, Delta method) when controlling for BMI and age. All other HMW-APN and inflammatory parameters were not significant in this regard.

Correlation studies
-------------------

The entire cohort was used for correlation studies. Serum glucose on the 1HGCT, insulin, BMI, or HbA1c was correlated with T-APN, HMW-APN, CRP, IL-6, TNF-α, or MCP-1. As indicated in Fig. [1](#fig01){ref-type="fig"}a--d, there was a negative correlation between T-APN and 1HGCT (*R* = --0.22; *P* \< 0.001), insulin (*R* = --0.232; *P* \< 0.001), BMI (*R* = --0.23; *P* \< 0.001), and HbA1c (*R* = --019; *P =* 0.004). Furthermore, there were negative correlations between HMW-APN and 1HGCT (*R* = --0.2, *P* \< 0.001), insulin (*R* = --0.25, *P* \< 0.001), and BMI (*R* = --0.21, *P* \< 0.001; Fig. [1](#fig01){ref-type="fig"}e--g). No significant correlations were found between glucose on the 1HGCT, HbA1c, insulin, or BMI and CPR, TNF-α, IL-6, or MCP-1.

![Correlations between (a--d) total adiponectin (T-APN) or (e--g) high molecular weight adiponectin (HMW-APN) and glucose levels 1 h after a 50-g glucose challenge test (1HGCT), body mass index (BMI), insulin, or HbA1c in pregnant Chinese--American women with (•) or without (○) gestational diabetes.](jdb0006-0360-f1){#fig01}

Discussion
==========

A higher prevalence of GDM is seen in Asian compared with Caucasian populations.[@b1],[@b2] Although GDM typically resolves after delivery, it is associated with complications in both the newborn and mother, including an increased risk of development of T2DM and other metabolic and obstetric complications.

The primary goal of the present study was to identify specific biochemical markers associated with GDM in Chinese--Americans. The GDM subjects were found to have higher 1HGCT, higher insulin levels, and lower T-APN. Among the non-GDM subjects, those with 1HGCT glucose values \>135 mg/dL had significantly lower T-APN levels compared with control. No significant difference was observed in HMW-APN levels between non-GDM and GDM subjects. Several dependent (age, BMI, insulin levels, 1HGCT, HbA1c) and independent variable analyses were performed. After Bonferroni correction, HMW-APN did not differ significantly between non-GDM and GDM Chinese women. However, the correlation studies demonstrated that HMW-APN was negatively correlated with 1HGCT, insulin, and BMI.

Existing literature supports a strong association of decreased HMW-APN with insulin resistance and GDM.[@b3]--[@b6] Retnakaran et al. compared HMW-APN levels in South Asian to Caucasian women; they reported lower levels of the HMW-APN in pregnant South Asian women after adjusting for age, prepregnancy BMI, and the weight gained during pregnancy.[@b5] Choi et al. reported decreased plasma adiponectin levels in women with GDM;[@b6] however, the specific type of adiponectin and the ethnicities of subjects were not specified in that study.

Of the two forms of adiponectin we measured (T-APN and HMW-APN), T-APN was most consistently reduced in our study, not only in subjects with GDM, but also in subjects with increasing degrees of glucose intolerance. Furthermore, T-APN was negatively correlated with all four markers of glucose intolerance, whereas HMW-APN was negatively correlated only with three of these markers. In this regard, our results agree with the existing literature on Caucasian women.

Our results demonstrated that T-APN, rather than HMW-APN, had a stronger association with increased glucose intolerance in Chinese--Americans. The reasons for this finding are unclear. Possible explanations may include genetic difference between Chinese and Caucasian populations, lower BMI and age among the Chinese women (as discussed below), and/or differences in assay techniques. The assay procedures we used included pretreating the samples with citrate buffer and SDS, which convert multimeric forms, including HMW-, MMW-, and LMW-APN, into dimers. The T-APN value obtained by this assay includes all dimeric forms of adiponectin in the sample (in this assay procedure, the monomer is not detected). In other assays, which measured HMW-, MMW-, and LMW-APN, the samples were not pretreated with SDS; thus the number of dimers differs between the assays performed in previous studies and the present study.

Both lower molecular weight trimer--dimer (T-APN) and the HMW complex of adiponectin (HMW-APN) have been implicated in the regulation of insulin sensitivity. The role of trimer--dimer complexes in the control of serum glucose is not well understood. Circulating levels of both T-APN and HMW-APN are gender dependent, with women having higher adiponectin levels than men.[@b16] Oligomer formation of adiponectin critically depends on disulfide bond formation mediated by Cys-39.[@b16] Mutation of Cys-39 results in trimers that are subject to proteolytic cleavage. Mutant (C39S) or wild-type Apo30 adiponectin treated with dithiothreitol are significantly more bioactive than the higher-order oligomeric forms of the protein with respect to reduction of serum glucose levels both in vitro and in vivo.[@b16] In Japanese individuals with T2DM, the serum ratio of C1q-adiponectin to T-APN, but not HMW-APN, correlates with polyvascular lesions detected by vascular ultrasonography.[@b17] In a study of Chinese women with polycystic ovarian syndrome (PCOS), serum T-APN levels were found to be negatively correlated with the waist : hip ratio and homeostasis model assessment of insulin resistance (HOMA-IR).[@b18] In summary, these studies, similarly to the present study, suggest that T-APN may have a role in the pathophysiology of glucose intolerance by influencing insulin sensitivity.

In contrast with Caucasian GDM studies,[@b8]--[@b10] there were no differences in the present study in the levels of inflammatory markers between GDM and non-GDM subjects. Further, unlike in Caucasians, there were no significant correlations between the markers of glucose tolerance (glucose on 1HGCT, HbA1c, insulin, or BMI) and inflammatory markers (CRP, IL-6, TNF-α, or MCP-1).[@b8]--[@b10]

The literature on IL-6 in GDM is inconsistent: some studies suggest that high IL-6 levels are associated with GDM independently of other factors,[@b10],[@b14],[@b24] whereas others suggest that increased levels of IL-6 in GDM are possibly due to an increase in adipose tissue in pregnant women.[@b22]

The literature on the association of MCP-1 with GDM is very limited. One study showed that MCP-1 levels are decreased in pregnant women regardless of glucose tolerance.[@b25] Other studies of GDM women reported that MCP-1 was increased in the last trimester (28--42 weeks gestation) in GDM.[@b14],[@b24]

A possible explanation for the lack of correlation between inflammatory markers and markers of glucose tolerance in the present study may have to do with the lower BMI and young age of our patients. The average age of Chinese women was 30.6 years, with 45% of women younger than 30 years of age. The average BMI in Chinese women was 24.3 kg/m^2^. The age and BMI were similar in non-GDM and GDM Chinese women. Both BMI and age in our Chinese cohort are lower than those reported in the literature for Caucasians. For example, Ballestero et al. reported that, in Caucasian pregnant women with normal glucose tolerance, average BMI was 29.6 kg/m^2^ at 27 weeks gestation and that average age was 32 years.[@b26]

World Health Organization (WHO) studies of gestational weight gain in South Pacific Sea Asian women suggest that gestational weight gain is lower in Asian than Caucasian women.[@b27] Other than BMI, gestational weight gain is dependent on socioeconomic and educational factors.[@b28] In the present study, the patients came to the clinics at 8--10 weeks of pregnancy and we did not evaluate their educational levels or socioeconomic conditions. In addition, we do not have any simultaneous Caucasian control subjects. Further studies are needed to better understand differences between the gestational weight gain in pregnant Chinese and Caucasian women.

Age and BMI are associated with components of the metabolic syndrome (glucose levels and blood pressure)[@b20] and increased levels of inflammatory markers are observed with increases in both age and BMI.[@b7],[@b21],[@b22],[@b29] For example, TNF-α is associated with persistent impairment of insulin signaling in obese women with previous GDM,[@b21] and increased adiposity and high BMI are associated with elevated TNF-α levels in Caucasian women with GDM.[@b7],[@b21],[@b22],[@b29] One non-randomized study reported that TNF-α was increased mid-trimester in Chinese women with (*n* = 25) or without (*n* = 20) GDM.[@b30] Another prospective study reported no difference in TNF-α levels n Mexican women with or without GDM.[@b29] Our data can be interpreted as suggesting that BMI and age may play a role in determining levels of inflammatory markers,[@b31] and may contribute to the development of glucose intolerance in pregnant Chinese--American women.

Another possibility for the lack of increased levels of inflammatory markers in the present study may involve socioeconomic issues. We did not have records for the demographic or social characteristics of our patients, such as education levels, smoking status, physical activity, diet, etc. Our group of patients consists of the first generation of immigrants from China. They are culturally closely related to the population in southern Pacific coastal cities in China and differ from inland and western region Chinese populations.[@b32] The diet of the South Pacific coast of China is relatively leaner compared with the other regions.[@b32]

Most of our patients did not speak English (we translated the consent forms into Chinese). In general, the majority of Chinese women do not smoke. The WHO reports that although 61% of men smoke in China, only 4% of women smoke.[@b33] It is likely that our patients had a limited acculturation to the American lifestyle.

A genetic cause for the differences in adiponectin between our study groups cannot be ruled out. Future studies are needed to address this question.

Our study has several additional limitations. First, we included Chinese--American women recruited from only two obstetric and gynecology clinics located in New York City\'s Chinatown. Therefore, the findings of the study may not be representative of the general Chinese population in the US or China. Second, a HemoCue glucometer was used to measure the glucose values for 3HOGTT because of cultural beliefs, as explained earlier. The HemoCue glucose values may be up to 8% lower than plasma glucose values.[@b34]--[@b36] Finally, anther limitation of our study is the lack of a Caucasian control group.

In summary, our study demonstrated two new findings. First, inflammatory markers (CRP, TNF-α, IL-6, and MCP-1) are not significantly elevated in Chinese--American women with GDM, contrary to existing literature on Caucasian women with GDM. Second, T-APN, rather than HMW-APN, is most consistently inversely correlated with increasing degrees of glucose intolerance in pregnant Chinese--American women.

We conclude that although adiponectin appears to be important in the pathogenesis of GDM in Chinese--American women, the role of inflammatory markers is not significant, possibly because both the non-GDM and GDM groups of Chinese patients in our study were relatively young and lean. Further studies are needed to better understand the roles of inflammatory markers in pregnancy in Chinese populations.
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